I
nfant sleep is a challenge among parents and a problem seen frequently in pediatric practice. Actigraphy, an activity-based sleep monitoring system, uses a wristwatch-like device with an accelerometer sensitive to body movements. Activity counts derived from actigraphy serve as the basis for sleep-wake determination. Although it has been concluded that actigraphy is a valid measure of sleep during infancy, 1,2 external motion, a common experience for infants (eg, being carried or put in an infant swing), is usually overlooked in studies that use actigraphy to assess infant sleep. In some studies, actigraphy records containing external motion were removed prior to analysis 2, 3 ; in others, data involving external motion were included, 4, 5 with most studies not specifying how such data were analyzed. The objective of this study was to assess the activity count and sleepwake identification accuracy by actigraphy when an infant doll was exposed to external motion.
Methods. Actiwatch-Score (Mini Mitter Respironics, Inc, Bend, Oregon) actigraphs were placed on both ankles of a 20-lb (9.07-kg) infant doll. Twenty-three experiments involving 13 different types of activities (Table) that infants typically experience were conducted by trained investigators (mainly S.-Y. T.). Actigraphic activity counts were stored in 15-second epochs. Repeated trials were performed for the same activity to obtain more reliable results. At the end of each trial, the activity data were scored as asleep or awake at low (wake threshold value=80 activity counts), medium (wake threshold value=40 activity counts), and high (wake threshold value=20 activity counts) sensitivity settings using the ActiwareSleep 3.4 analysis software (Mini Mitter Respironics, Inc). Data from different trials of the same activity were combined for analysis. The percentages of epochs scored as awake were calculated for the different types of activities. Statistical analysis was performed using SPSS version 14.0 statistical software for Windows (SPSS Inc, Chicago, Illinois). Because the current study involved no human or animal subjects, institutional review board approval was not required from our institution.
Results. The 2 Actiwatches produced similar results as evidenced by the high correlation coefficient (r=0.88) and by the Bland-Altman plot. 6 Therefore, their measurements were combined to provide an overall mean and standard deviation. As seen in the Table, the low-speed infant swing generated an activity count of 0. However, external motion generated by a moving car (at a speed of 60 mph), stroller, shopping cart, and vibrating bouncer as well as bouncing by a caregiver resulted in 100% false awake period identification, even when the actigraphic activity data were scored usinglowsensitivitysettings.Caregivers'carryingandahighspeed infant swing also produced considerable movement artifacts. Relatively fewer motion artifacts were generated by caregivers' rocking, holding, swaying, and burping.
Comment.
Our results indicate that the external motion typically experienced by infants increases the activity count and influences the accuracy of actigraphy for sleep-wake estimation. The extent to which the external motion influences the sleep-wake scoring is dependent on the type of external motion being performed and where the threshold activity count falls. Results suggest that actigraphy is a 3 The latter CS differences from the MDI are 8.1 and 5.8 points, with corresponding correlations of 0.60 and 0.71. 3(p77) Overall, Bayley-III CSs are 7 points higher than those of the BSID-II, and thus show a reverse Flynn effect.
To illustrate the reverse Flynn effect from the MDI to the Bayley-III Cognitive and Language CSs we draw on our established follow-up database, as previously described in the literature. 4, 5 For children born in 2005, both the BSID-II and Bayley-III were administered to 40 survivors (21 girls) with a mean (SD) of 26.1 (0.8) weeks' gestational age and 891 g (165 g) birthweight (Table) . The difference in scores for corrected age between the MDI and Bayley-III Cognitive scale was 7.1 points and Language, 0.6 points. High correlations support similar direction of the test results. The lack of significant difference between the MDI and Language CSs confirms the large proportion of items of the MDI that are language based.
From the bell-shaped curve, we expect 2.27% of children to have scores of less than 70 (moderate/severe delay) on a standardized test. For corrected age, 20%, or 8.8 times as many preterm children as expected had delayed MDI (Table) . While no child scored less than 70 on the Bayley-III Cognitive test, 17.5%, or 7.7 more children than expected had Language delay. For the 8 children with MDI delay, the corresponding Bayley-III Cognitive CSs averaged 23 points higher (range, 12-41) than the MDI, collaborating clinicians' concerns regarding differences between the tests at the extreme lower end of the normal distribution. 
